In this letter, we consider a problem of global exponential stabilization of a class of approximately feedback linearized systems. With a newly proposed LMI-condition, we propose a controller design method which is shown to be improved over the existing methods in several aspects.
Introduction
Feedback linearization has several extensions and approximate feedback linearization is one of actively studied areas. In [2] , [4] , a framework of approximate feedback linearization was established and a locally stabilizing controller was designed, respectively. In [3] , the class of systems in parametric feedback form were considered and an adaptive controller was suggested. Then, this work has been intensively studied and extended by others. A recent work reported in [5] also deals with the systems in parametric feedback form. The approximately feedback linearized systems are also called a perturbed chains-of-integrators form in other literature [6] . In [6] , a globally stabilizing controller was proposed under the triangularity condition with linear growth property. In [7] , an adaptive controller was suggested under the feedforward condition. Therefore, it seems that most existing results have focused on a selective class of nonlinear systems by placing some structural conditions on the nonlinearities. Most recently, there was a robust controller design method in [1] where the explicit restrictions on nonlinearities are not required anymore. However, the method of [1] often leads to overly conservative design of controllers. In this letter, we propose a new design method which is improved over [1] such that it increases the flexibility of controller design and reduces the conservativeness. Also, the merits of [1] over other existing methods [2] - [7] are still retained.
Preliminaries
We consider a class of single-input nonlinear systems given 
where x ∈ R n and u ∈ R are the system state and input, respectively. The system matrices (A, B) are in a Brunovsky canonical pair and the nonlinear term is
T . The followings are the summary of the result of [1] .
The state feedback controller of [1] takes the following form
Controller design procedure [1] 1. Obtain a function L( ) that satisfies (3).
Here, · denotes the Euclidean norm.
Theorem 1. [1] Suppose that (a) Assumption 1 holds, (b) there exist K and such that A c is Hurwitz and
−1 −γL( ) > 0. Then,
with the controller (2), the origin of the system (1) is globally exponentially stable.
The shortcoming of the result of [1] is that the design of controller often tends to be overly conservative because of the use of P . That is, by taking the norm of P, it loses some useful information on P, not fully utilizing the structure of P. In the next, we present a new LMI-condition on the nonlinear term, which leads to an improved controller design result.
Main Result
T . I n stands for an n × n identity matrix. Proof. Applying (2) to (1), we obtaiṅ
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Assumption 2. There exists a symmetric matrix M
where
Then, along the trajectory of (5), we haveV
Since
The global exponential stability is followed because of the quadratic structure of Lyapunov function. Now, with new Assumption 2, we propose the following controller design procedure: 
Step 1: With K = [−9, −6], P = 0.4259 −0.5 −0.5 0.8333 .
Step 2: Set an inequality
0.4259 −0.5 −0.5 0.8333
Step 3: We can check that the inequality (9) holds when m 1 = m 2 = 0, and m 3 ≥ 0.4259 −2 . We simply choose m 1 = m 2 = 0, and m 3 = 0.5 −2 . Now, the condition −1 I 2 −2M > 0 gives us > 1. We select = 1.1. The simulation result is shown in Fig. 1 .
Next, we show the improved flexibility of Assumption 2 over Assumption 1 by the following lemma. 
Lemma 1. If Assumption 1 holds, then Assumption 2 holds, not vice versa.
Proof. Suppose that Assumption 1 holds. Then, the following inequality holds.
where |A n×m | denotes the essentially positive matrix of A n×m by taking the absolute value of every element of A n×m . From (10), we have the following: (arguments of δ i (·) are omitted for convenience whenever no confusion occurs)
denotes the i jth element of P. So, we can choose the matrix M.
In order to show that the reverse relation does not hold, we simply consider Example A. Following Assumption 1, we need to have
However, there is no L( ) satisfying the inequality.
Like [1] , we consider the following two conditions which are introduced in [6] and [7] , respectively. These conditions are known to represent the models of many practical systems such as a single-link robot arm, etc. (1) is globally exponentially stable.
Corollary 1. If either the above condition (i) or (ii) holds, then with the controller (2), the origin of the system
) under (ii) to satisfy (3). Then, using (11), it is easy to check that there always exists some range of > 0 such that the condition −1 I n − 2M > 0 is satisfied for each case.
Illustrative Examples
Three examples are presented to illustrate the advantages of the proposed method over the result of [1] . For each system, the stabilizing controller is designed by Theorem 1 [1] and Theorem 2, respectively.
Example B: Consider the following systeṁ 
Thus, −1 I 2 − 2M > 0 holds for 0 < < 0.3621. Example C: Consider the following systeṁ The results are summarized in the following Table 1 . Notably, the methods of [3] , [5] - [7] cannot deal with the presented examples in a unified framework.
Conclusions
Through the analysis and examples, we show that the proposed method has several improvement over the existing methods. They are: (i) more high-order nonlinear terms can be treated, (ii) the design of controller becomes more flexible and less conservative, (iii) explicit structural conditions are not required.
